The study compared a new urinary hormone monitoring system, Clearview Primera Fertility Monitor ® (CPFM), with laboratory hormone analyses in the prediction of the potentially fertile period. METHODS: Thirty healthy female volunteers provided blood and early morning urine samples for one cycle. Serum oestradiol, progesterone and luteinizing hormone (LH), and urinary LH and oestrone-3-glucuronide (E3G) were measured. The fertility status of volunteers; Low, High or Peak, was collected from monitors and compared with the hormone measurements. RESULTS: There was agreement between the first day of peak fertility and the urinary LH peak day in 65.6% of cycles and detection 1 or 2 days before the urinary LH peak day in 24.1 and 6.9% of cycles respectively. In 58.6% of cycles the system detected up to 5 days of increased fertility prior to the urinary LH peak day. Warning days of the urinary LH peak were similarly determined using defined thresholds of E3G and oestradiol providing up to 5 days warning in 82.8 and 96.6% of cycles respectively. CONCLUSIONS: The system can provide couples attempting to conceive with information about the potentially fertile days in the cycle in order that they may time intercourse. It also has potential for use in evaluation and treatment of infertile couples.
Introduction
were first established by the WHO Task Force on Methods for the Determination of the Fertile Period (WHO, 1980a,b) . The potentially fertile period of a woman's cycle is the time The first of these studies estimated the median time (95% during which sexual intercourse may lead to pregnancy. The confidence limits) from the first significant rise in serum LH length of the potentially fertile period is dependent upon the to ovulation to be 32 h (range 23.6-38.2 h). It has also been life span of the gametes within the female reproductive tract demonstrated that accurately measured urinary LH can be used and its position within the cycle is governed by the time of to identify ovulation. A rapid urinary LH test has been used ovulation. The development and release of a mature oocyte at as a reference point to monitor changes in ovarian and uterine ovulation is controlled by the pituitary gonadotrophins; FSH form and blood flow (Bourne et al., 1996a,b) . The study and LH, and gonadal sex hormones; oestrogen and progesterone showed the median time from a positive LH test to follicle (Martinez et al., 1995) . Oestradiol production by the developing rupture to be 25 h. The temporal relationship between a positive follicle stimulates the cervical mucus glands to produce mucus ClearPlan One
Step test (home ovulation predictor kit) and that supports the survival and transport of sperm (Moghissi follicle rupture has been studied in detail (Collins, 1996) . The et al., 1972) , and gives rise to the surge in LH which precedes time from a positive result to rupture ranged from 24-48 h ovulation (Pauerstein et al., 1978; Burger, 1989) . Estimates of (median 32 h) with 6 hourly testing and scans, and with daily the length of the potentially fertile period are largely based early morning urine testing the range was 8-48 h (median upon two studies (Barret and Marshall, 1969; Wilcox et al., 24 h ). These results coincide well with the results of the WHO 1988). These studies have been the subject of several analyses studies. Metabolites of oestradiol can be detected in urine. (Schwartz et al., 1980; Royston, 1982; Wilcox et al., 1995;  Oestrone-3-glucuronide (E3G) is one of the principal metabol- Dunson et al., 1999) . The conclusions of these analyses are ites and is quantitatively important (Collins et al., 1981) . A supportive of a potentially fertile period which is typically 6 correlation has been shown between concentrations of oestradays long ending on the day of ovulation.The temporal relationships between ovulation and defined hormonal markers diol present in plasma and concentrations of E3G present in baseline concentrations are detected. The change from Low fertility to early morning urine (Branch et al., 1982; Catalan et al., 1989 fertile period (between peak LH day minus 3 and peak LH Peak fertility is displayed on the day of the LH surge (CPFM peak day minus 7) in over 90% of the cycles studied (Aldercreutz day) and on the following day. Subsequently High fertility will be et al., 1982) . Other studies have shown the use of E3G to be displayed for 1 day prior to a return to Low fertility. The changes in fertility are displayed on the monitor's LCD.
83 and 89% successful in delineating the potentially fertile
The transition from Low to High to Peak fertility is indicated by period (WHO 1983; Schiphorst et al., 1985) .
an increasing number of solid bars on the display; one bar (Level I)
The studies described above show that the measurement of the system by ordinary women at home, CPFM testing was
Prior to admission all volunteers gave their informed consent and performed in real time in a laboratory. The monitor LH and it was explained that they were free to leave the study at any time.
E3G measurements and corresponding fertility status were
Study protocol compared with serum oestradiol, serum LH, urinary E3G
Blood and early morning urine samples were collected from volunteers and urinary LH measurements in a population of normal for one cycle according to the schedule presented in Table I. healthy women.
All blood samples were analysed for serum oestradiol, progesterone and LH. All urine samples were analysed for LH and E3G. Serum oestradiol and progesterone were measured by radioimmuno-
Materials and methods
assay (RIA) (Tatron Laboratories Inc., Tokyo, Japan). The sensitivity The CPFM system of the serum oestradiol assay was 10 pg/ml. Intra-assay coefficients of variation (CVs) were 9.6, 8.4 and 8.7% and inter-assay CVs were The system comprises a hand-held monitor and disposable dual-assay urine test sticks. The test sticks simultaneously detect LH and E3G 7.0, 6.1 and 5.1% at low, medium and high concentrations respectively. The sensitivity of the serum progesterone assay was 0.2 ng/ml. Intrain early morning urine. The LH assay is a classical sandwich assay and as the concentration of LH in the urine increases then the intensity assay CVs were 6.9 and 5.0% and inter-assay CVs were 5.9 and 7.8% at low and high concentrations respectively. Serum and urinary of the line formed on the test stick increases. The E3G assay is a competition assay and as the concentration of E3G increases then the LH were measured by RIA (SPAC-S LH kit; Daiichi Radioisotope Laboratories Ltd., Tokyo, Japan). The standards had been calibrated corresponding line intensity decreases. The monitor optically measures the intensity of the lines that form on the test sticks after sampling.
against the WHO 1 st IRP LH 68/40. The sensitivity of the serum LH assay is 0.2 mIU/ml. Intra-assay CVs were 3.2, 9.1 and 4.8% and The corresponding signal is measured in percentage transmission units (%T). As the concentration of LH increases the associated inter-assay CVs were 4.1, 5.9 and 3.2% at low, medium and high concentrations respectively. The sensitivity of the urinary LH assay signal increases, as the concentration of E3G increases the associated signal decreases. is 0.2 mIU/ml. Intra-assay CVs were 6.2, 8.0 and 6.8% and interassay CVs were 7.1, 7.0 and 6.2% at low, medium and high The system will delineate three levels of fertility according to changes detected in the concentrations of LH and E3G. Low fertility concentrations respectively. Urinary E3G was measured by timeresolved fluorescence immunoassay (Unipath Ltd. in collaboration is displayed when the probability of conception is low and these hormones are at a baseline concentration. Low fertility will be with Wallac OY, Turku, Finland). The sensitivity of the assay was 0.2 ng/ml. Intra-assay CVs were 4.9, 2.3 and 2.2% and inter-assay displayed from day 1 of a woman's cycle until rises above the 
Sample collection was stopped earlier if the cycle length was less than 28 days.
CVs were 4.4, 2.3 and 2.2% at low, medium and high concentrations respectively. In this study the volunteers did not test their urine themselves using the monitor, instead they provided early morning urine samples for testing in the laboratory on the day of collection. Two types of CPFM measurements were made. Firstly the fertility status on that day, Low, High or Peak, was determined by testing the collected urine with a test stick and reading the fertility status using a standard CPFM allocated to each volunteer. Secondly the corresponding %T value for LH and E3G was measured by completing a second test on each of the collected samples. A monitor linked to a computer and adapted to provide the %T readings via the computer was used for this purpose.
Results
The 30 volunteers recruited onto the study were monitored for one cycle. They had a mean age of 28.6 years with 10th and 90th percentiles of 22.5 and 35.5 years respectively and their mean cycle length during the study was 29.2 days with 10th and 90th percentiles of 25 and 32 days respectively.
For the purposes of this study the day of peak urinary LH concentration was used as the reference day. A peak in the urinary LH concentration was observed in 29/30 cycles. One cycle was monitored up until day 28 of a 31 day cycle and no urinary LH peak was recorded. In all 29 cycles with a urinary LH peak, the peak was accompanied by a corresponding peri-ovulatory rise in the concentrations of serum oestradiol. A mid-luteal phase peak in progesterone was observed in 28/29 of the cycles. A possible reason for the absence of the progesterone peak in one of the cycles was that sample collection had stopped only 5 days after the urinary LH peak day and therefore the peak was not observed. Figure 1 shows, on the days relative to the urinary LH peak day, the changes in mean serum oestradiol, LH, and progesterone concentrations, urinary E3G and LH concentrations, urinary LH and E3G %T measurements (adapted CPFM Table II. measurements from all volunteers. Table II lists the number of measurements included on each day relative to the urinary LH peak and the standard errors of the mean are included in serum oestradiol concentration (Figure 1c ). The mean peak concentrations occurred on days 0 and -1 respectively and Figure 1 .
The peak mean serum LH concentration occurred on the there were rises in both the mean urinary E3G and mean serum oestradiol in the mid-luteal phase. The corresponding same day as the peak mean urinary LH concentration (assigned as day 0) (Figure 1a) . The changes in the mean urinary E3G mean CPFM LH and E3G signals (Figure 1b) showed similar changes to the mean serum and urinary concentrations with concentration were very similar to those observed in the mean Table II . Number of serum and urine samples used to calculate the mean value on each day relative to the urinary LH peak day.
Cycle day relative to Ϫ12 Ϫ11 Ϫ10 Ϫ9 Ϫ8 Ϫ7 Ϫ6 Ϫ5 Ϫ4 Ϫ3 Ϫ2 Ϫ1 0  1  2  3  4  5  6  7  8  9  urinary LH peak   Serum samples  6  6  6  18  10  16  10  20  16  22  24  25  25  26  24  24  16  20  15  18 10 17  Urine samples  6  8  11  22  23  23  24  28  29  28  29  27  29  27  24  24  16  20  15 18 10 17 Table III shows that there was 65.6% agreement between the CPFM Peak day and the urinary LH peak day. The CPFM Peak day was observed either 1 day or 2 days before the urinary LH peak day in 24.1 and 6.9% of cycles respectively.
there is a similar increase in the percentage of cycles displaying High or peak fertility status on these days. In one cycle the CPFM showed peak status on day 9, 7 days prior to the urinary LH peak observed on day 16. A An oestradiol increase to concentrations Ͼ100 pg/ml was considered as the periovulatory oestradiol rise (Leidenberger, corresponding small peak in the urinary LH concentration was observed on this day. Similarly Table IV shows that there was 1992). Similarly an E3G rise day was assigned using a threshold of 20 ng/ml. The days on and after the serum 55.2% agreement between the urinary LH peak day and the serum LH peak day. The serum LH peak day as observed oestradiol rise day up until the urinary LH peak day were considered as warning days and up to 5 days warning was either 1 day or 2 days before the urinary LH peak day in 37.9 and 3.4% of cycles respectively. In one cycle the serum LH detected in 96.6% of cycles (Table V) . Similarly, the number of days on and after the E3G rise day up until the urinary LH peak was observed on day 18, 4 days prior to the urinary LH peak observed on day 22. After day 18 samples were peak day were considered as warning and up to 5 days warning were detected in 82.8% of cycles (Table VI) . In 58.6% of collected on alternate days. This may have affected accurate detection of the urinary and serum LH peak and is the likely cycles CPFM showed either High or peak fertility for up to 5 days prior to the urinary LH peak day (Table VII) . reason for the greater difference observed. Figure 1c shows the mean serum oestradiol and mean Warning of the CPFM first Peak day was defined as the number of High fertility days preceding it. One cycle had no urinary E3G concentrations on days relative to the urinary LH peak day, together with the percentage of cycles displaying CPFM Peak day (only Low and High days displayed). Of the remaining 29 cycles CPFM provided up to 5 days of High CPFM High or peak fertility status on these days. The changes in mean urinary E3G concentration correspond closely to the fertility prior to the CPFM Peak day in 72.4% of cases (Table  VIII) . A total of 69% of cycles had between 1 and 5 days of changes in mean serum oestradiol concentration on these days. In addition, as the mean concentrations of the hormones rise High fertility prior to the Peak fertility day with only 3.4% of cycle (3.4%) CPFM detected a false positive LH surge declaring days following the CPFM Peak day (Behre et al., 2000) .
Ͼ5 days 8 27.6 29 100
Detection of the LH surge can at best identify the two most potentially fertile days of the cycle and therefore has limited opportunities for the timing of intercourse. This study has cycles having no High days. The median number of High and shown that the rise in E3G closely follows the rise in serum peak days was 8.
oestradiol and the number of days warning of the urinary LH peak day provided by CPFM coincide well with the warning Discussion provided by the quantitative measurement of serum oestradiol and E3G concentrations. CPFM was able to show High fertility It has recently been shown that the highest probability of pregnancy results from intercourse on the 2 days prior to for up to 5 days prior to the urinary LH peak day in 58.6% of cycles and High fertility for up to 5 days prior to Peak ovulation and that the potentially fertile period begins~5 days prior to ovulation ending on the day of ovulation (Dunson fertility in 72.4% of cycles. It should be noted that, as the urinary LH peak is an indirect marker of ovulation, the 5 days et al., 1999). There is, therefore, a 6 day window where intercourse may lead to pregnancy. It is important that couples of High fertility detected by the monitor cannot be compared exactly with the five potentially fertile days prior to ovulation having difficulty conceiving are able to have intercourse during these potentially fertile days in the woman's cycle. Existing estimated from analysis of the Wilcox data (Dunson et al., 1999) . Typically follicle rupture has been observed to occur methods used to time intercourse are unable to identify all of these days. The shift in basal body temperature occurs too late 24 h after detection of the urinary LH surge (Collins, 1996) . These additional days of potential fertility identified by CPFM, to be of predictive value in the current cycle (Dunson et al., 1996) and the surge in urinary LH can typically only provide compared with LH tests alone, increase the opportunities for maximising conception. 1 to 2 days advanced warning of ovulation (Collins, 1996) . CPFM offers increased benefits over existing methods; by For 27.6% of subjects the number of High fertility days displayed by the system was greater than five. It remains to informing the woman that her fertility is high (High fertility) it provides more warning of her 2 day period of maximum be seen whether experiencing more than 5 days of High fertility has any bearing on a couples ability to also have fertility (Peak fertility), and in addition intercourse on the High fertility days themselves may lead to pregnancy. The intercourse on Peak fertility days when the chances of conception are at a maximum. number of potentially fertile days is dependent upon the length of time that spermatozoa can survive in the reproductive tract
Here we present the results of a study designed to test whether CPFM can provide information about changes in such that they can fertilize the ovum when it is released. The appearance of sperm supportive mucus is controlled by the cycle fertility which is comparable with that deduced from laboratory measurements. Results of a home-use study (Behre production of oestradiol which is produced in increasing quantities as the follicle develops towards ovulation (Burger, et al., 2000) have shown that women can use the system at home to predict ovulation and therefore the days of highest 1989). Detection of the rise in the concentrations of the urinary metabolite E3G can provide information about the changing potential fertility. These results demonstrate that the CPFM will detect changes in urinary levels of LH and E3G which concentrations of oestradiol during the follicular phase of the cycle. This information can be used by couples to identify the coincide well with laboratory measurements in the definition of the potentially fertile period. The system, which has been most potentially fertile days in the cycle and allow them to time intercourse accordingly. designed for home use, will allow couples to use the information to time intercourse for the best prospects of natural This study has shown good agreement between the CPFM Peak day and the urinary LH peak as detected by laboratory conception. In addition the system shows potential for use in the evaluation and treatment of the infertile couple. assay. It is not suprising that in 24.1% of cycles CPFM displayed Peak fertility the day before the urinary LH peak. This is a result of the difference in days between the LH
